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THE PROCESS OF COMPRESSION AND THE ACTION OF VALVES
IN CONNECTION WITH THE DYNAMICS OF GAS IN A PIPE

Josef Brablik
CKO Praha Zavod Kompres sory
Prague, Czechosl ovakia

I have been requeste d to contribu te to the
discussi on on the present state of research on reciproc ating compress ors in
Europe. It is a pleasure for me to comply with this request. In view of my
speciali zed activiti es I have chosen
problems which concern the process of
compress ion and the action of valves in
connecti on with the dynamics of gas in a
pipe. I am aware, however, that, even in
the confined field of my working activities, it is difficul t to inform objectivel y, for access to informat ion varies
consider ably. It is all very well to
talk about the activiti es of sections
with which one is in personal contact
but it is more difficul t where informat ion
is obtained only from publicat ions
and there is doubtles s also a great amount
of valuable knowledg e which has not been
publishe d for various reasons or which
has escaped one's attentio n. Therefor e
please excuse my restrain t in the
judgemen t of the present state.
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boundary conditio ns. Even though the
solution was only approxim ate and was
based, in most cases, on the wave
equation or on the so-calle d telegrap h
equation , the results obtained were
sufficie nt for an explanat ion of the
great majority of failures and they
led to the correct remedial measures .
A question which, perhaps, also already
belongs to the past is the fairly
frequent ly discusse d one whether the
problem of pressure pulsatio ns should
be dealt with by numerica l methods or by
analog computer s. Practice has shown
that analog equipmen t bas a number of
advantag es consisti ng, above all, in
lucidity and flexibil ity when changes
are being made, but it is more costly.
It has therefor e proved its worth
where a continuo us utilizat ion of the
actual equipmen t as well as of the
correspo nding group of speciali sts could
be expected .

In any case, the opinion of the present
state of research as well as of its
future trend of developm ent is a subjective opinion which is likely to be
suppleme nted or amended, in many respects, both by introduc tory contributions and also by a number of expert
contribu tions to the Conferen ce.

An extensiv e analog equipmen t for the
modeling of piping systems was built
in the Soviet Union and, as far as I
know, analog computer s built for this
purpose have been working for a number
of years also in Italy, in Switzerl and
and in other European countrie s.

Concurre ntly with analog computat ion
also numerica l methods were develope d
and the fitting-o ut of works with automatic ·compute rs, by now already a matter
of standard practice , has in many cases
been made use of for the calculat ion
of pressure pulsatio ns. This method
was chosen also in our country.

The primary impulse which led in the
past to a systema tic study of pressure
pulsatio ns in the pipework of reciproc ating compress ors was provided chiefly
by failures of pipework and valves.
Similarl y as in the United States also
in European countrie s methods of calculation or analogue models were produced
with the contribu tion of which these
difficul ties could be overcome . In predominant measure the matter in question
, was the treatmen t of a non-stat ionary
flow of gas through a pipe for known

Thanks to the techniqu e of computa tion
the most serious difficul ties have,
at present, already been eliminat ed.
The calculat ion of pulsatio ns in
piping systems has become a matter of
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basis of such a measurement, the determination, of the magnitude of a progressive as well as a stationary wave
and of the point of maximum and minimum
amplitudes for the chosen number of
harmonic components of the oscillation
being measured. For current use it is,
however, rather complicated.

routine and the substance of further
development in this field is now being
transferred to universities and, in socialist countries, also to government research institutes.
However, by this statement I do not mean
to create the impression that everything
of importance has already been done and
what follows is merely an academic matter with a limited effect upon practical
work. Such an opinion would not agree
with reality. A mere comparison of
results obtained eXperimentally with
calculated values shows that the number
of simplifying assumptions, in particular
the assumption of "acoustic waves", is
the cause of considerable inaccuracies
and does not justify complacency on our
part.

No less complicated is also another
method, that of confronting the measured
values with the theoretical calculation
and of modifying the-input. data for the
calculation in such a way that the required agreement is reached. It is then
assumed that the calculation is correct
not only at the points of comparison
but also in all other parts of the pipework.
Unless it is desired to judge the level
of pulsations, whether calculated or
measured, only according to directives
or a contract the next question which
arises is how high a level of pulsations is, in fact, permissible, The
question may be put also differently,
At how high a level of pulsations will
the compressor equipment still be capable of safe operation? And here the
answer is already very difficult. When
it is desired to ensure reliability in
operation the level of pulsations can be
reduced to a minimum by the use of bulky
dampers. However, such a solution is
bound to be rather expensive and the possibility exists also of a second, no
less costly extreme, that of achieving
reliability of the piping system by
heavy anchoring. In this case pulsations then need not receive so much
attention. Both cases may thus serve
as a graphic example of the fact that
the same aim can be achieved by more than
one method and also of the fact that
the optimum solution is usually a compromise.

Much still remains unclarified, even from
the point of view of current practice.
We can now determine fairly well the
behaviour of pressure pulsations in
simple piping systems but the calculation
becomes problematic as soon as the
piping system consists of members of
intricate shapes. Fortunately, however,
intricate shapes result, as a rule, also
in considerable damping and thus a high
level of pulsations is usually not the
rule in such systems and failures also
are not frequent.
Many unclarities are related to the
judgement of the level of pulsations.
With the pipework of reciprocating compressors it is common practice to i~dicate
their permissible value as the ampl~tude
of the relative pressure variation.
These figures are often also a part of
the contract for the delivery of the
equipment. Up to that point everything
appears to be in order. This, however,
it ceases to be as soon as the real level
of pulsations is to be determined, for,
apart from laboratory cases, only pressure variations can be measured, but
they are only one component of the energy
of pulsations. The second compo~en:,
i.e. speed variations, is very d~ff~cult
to measure in practice and since the
level of pressure variations depends, to
a great extent, on the point of measurement, reliable data on the level of pulsation of the whole piping system are
obtained only at the closed ends of the
pipework where the speed is zero.
on the assumption of one-dimensional
propagation of waves in a pipe th: actual
level of pulsations can be determ~ned by
simultaneous measurement at two or three
points in a section of the pipework of .
constant cross section. In Czechoslovak~a
a method is used which permits, on the

Reality is, however, more complex still.
Reliability in operation of pipework
is not solely a question of the level
of pulsations, i.e. of the magnitude of
the driving forces and of the anchoring of
the pipework, but also of further factors
as, for instance, the effect of the
precision of fitting, etc. A number of
cases are known from actual practice
of fatigue fractures of pipework having
occurred as a result of a high fitting
prestress even at a low level of pulsations and very low dynamic stresses.
When all this is considered it is not
surprising that present opinions as
regards the permissible level of pulsations differ widely. When it is expressed as the ratio of the amplitude
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of the pressure variatio n to the mean
pressure it is stated to be 1% to 3%,
sometime s even more. The level of pulsations in valve chambers is usually,
however, substan tially higher.

included in the calculat ion of a nonstationa ry flow through a pipe. The
results obtained have proved very good
agreemen t between theory and experime nt.
Notewort hy results in the developm ent of
a complex model were achieved also in
Holland. The work is interest ing by
the fact that a hybrid computer was used
for this model.

Similarl y as in the case of piping systems
an impulse for developm ent in the study of
the effect of pulsatio ns on the working
process of compress ion was provided
primaril y by failures , in this case of
valves. In the removal of their failures
the creation of analytic al models was
used to advantag e on a large scale. Well
known is the historic al developm ent of
the techniqu e of modeling by means of
which the action of valves was observed
at the beginnin g in dependen ce on the
working process and which was later extended to include further factors. In
1968-69 an analytic al model was developed in Czechos lovakia which treated,
in a comprehe nsive way, the processe s
in the working space, the flow and the
dynamic properti es of valves, as well
as the non-stat ionary flow of gas in the
connecte d pipework . The aim of this method
of work was to prove the relation between
pressure pulsatio ns, the course of the
working process and the action of
valves. The results obtained confirme d
the experien ce known already from actual
practice that pulsatio ns not only may,
under certain conditio ns, be the cause
of facture of valve plates but may
also have an unfavora ble effect on the
compress ion process itself.

In connecti on with the action of pulsations on the working ·process of.the
compress or the possibil ity was studied
in the Soviet Union of achievin g an
increase of the output by means of
tuning of the suction pipe. The results
obtained were very interest ing as, for
instance with a double-a cting compress or,
an increase in output of as much as 14%
was reached. This problem was studied
similarl y also in England, Scotland
and Czechos lovakia. Theoreti cal reflection s as well as experime nts
have proved that it is really possible
to increase the output of a compress or in
this way. Unfortun ately the increase in
output thus obtained is paid for by a considerabl y higher power consump tion. In
this respect reciproc ating compress ors
differ to some extent from internal combustion engines where the effect of
tuning is of very great importan ce for
the output of the engine as well for its
working efficien cy, in a positive way.
In discharg e pipework pulsatio ns are always undesira ble. The gain which can be
achieved by evacuati on of the clearanc e
space is insignif icant.

Therefor e further efforts were applied
in Czechosl ovakia to the suppress ion
of the level of pulsatio ns, particul arly
in valve chambers and the adjacent pipework. Rowever, to attain this goal it
was no longer necessar y to use such
complica ted analytic al models. The applicatio n of the perforat ed tube is one
of the results of this research .

I have mentione d in my contribu tion
several problems the solution of which
from the point of view of the present
developm ent in the field of dynamics of
gases in the pipework of reciproc ating
compress ors I consider importan t. To
foresee in which directio n developm ent
will continue is not easy. If,
however, we look back upon the development of the modeling techniqu e, it will
become apparent that the treatmen t of
problems proceede d from simple dependence s to increasi ngly involved
models. Present analytic al methods
are capable of encompa ssing the entire
complex from the working space in the
cylinder through the valves to the
dynamics of the pipework . They are
therefor e capable of dealing with the
technica l side of the problem in its
full scope.

A similar aim is that of theoreti cal and
experime ntal research in the USSR, which
has been engaged in the developm ent of
dampers with internal insertio ns. The
goal was to achieve optimum paramete rs
from the point of view of efficien cy and
losses as well as of producti on.
The developm ent of a complex analytic al
model has received a great deal of attention in England and Scotland . The
analytic al model of a compress or with
pipework was develope d further, the mutual
relation for the connecti on of two working
spaces to a single piping system at a
phase displacem ent of the work cycle was
determin ed, and further influenc es, such
as friction , heat intercha nge, etc. were

However, the problem that has not
been solved as yet,_ one that in actual
practice , is importan t in deciding on
the technica l solution , is economy.
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To create complex models which would
take into account these points of
view as well is not likely to be
easy, for the quantitie s involved are
very heterogen eous. Even though
there are already indicatio ns of such
a solution, e.g. of the modeling of the
effects of pulsation s on the specific
power consumpti on, etc. It is, for the
time being, difficult to say how such
a model should be developed . I am convinced, however, that this problem,
too, will be successfU lly mastered,
for it is highly necessary and purposefUl to do so. Not only now but
also in the future one of the decisive
criteria of every compresso r equipment
will be how cheaply it is capable of
producing compresse d gas.
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